Is it possible to extend the use of the 3-year one-rod etonogestrel (ENG)-releasing subdermal contraceptive implant to 5 years?
Introduction
The etonogestrel (ENG)-releasing subdermal contraceptive implant was developed in the 1980s and the first regulatory trials were conducted in the 1990s. Scientists involved in the early development of the product suspected that high contraceptive efficacy would extend beyond 3 years; however, the industry-sponsored trials were not designed to go past 3 years. Thus, the product was approved worldwide with a 3-year indication.
The existing data suggested that an ENG concentration >90 pg/ml is necessary to effectively prevent ovulation (Diaz et al., 1991) . In normal-weight women (i.e. BMI = 18.5-24.9 kg/m 2 ), the average ENG concentrations at 2 and 3 years post-insertion are 194 and 156 pg/ml, respectively. The ENG subdermal contraceptive implant is a device consisting of 68 mg of ENG as the active ingredient with an average release rate of 60-70 μg/day in weeks 5-6, decreasing tõ 35-45 μg/day by the end of the first year, 30-40 μg/day by year 2, and then to 25-30 μg/day at the end of the third year (Implanon, 2016) . The bioavailability remains constant and close to 100%, and the elimination half-life of the parent compound is around 25 h . Pharmacokinetic (PK) analysis showed at the end of the life-span of the ENG implant (i.e. 3 years) the serum levels are above the threshold for effective contraception Zheng et al., 1999) .
Although the ENG-implant is approved for use up to 3 years, some reports demonstrate effectiveness beyond that. Two studies did not report any pregnancies through the fourth year of use (Kiriwat et al., 1998; McNicholas et al., 2015) . The extended use of the ENG-implant could reduce the frequency of removal/insertion procedures, and consequently improve implant cost-effectiveness, while improving convenience for women.
Subdermal implants have grown in popularity in resource-poor countries over the past decade, particularly in sub-Saharan Africa. In 2005, international donor agencies purchased approximately 84 000 subdermal implants for the region; since then, the annual number of units increased steadily and peaked in 2015 when 7.4 million were purchased (Reproductive Health Supplies Coalition, 2015) . Approximately 50% of implants were ENG-products; thus, extended use of the ENG-implant would have tremendous global impact.
This article reports results for extended use up to 5 years after insertion of the ENG-implant and compares the results to the 5-year levonorgestrel (LNG)-releasing implant, with a focus on contraceptive performance, side effects and reasons for method discontinuation. Also, we compare the performance with a non-randomized group of women who received a TCu380A intrauterine device (IUD) as users of a non-hormonal contraceptive method.
Materials and methods
The original 3-year design of this study was a randomized open parallel group trial of the 1-rod ENG (Implanon ® , Merck & Co., Inc., Whitehouse Station, NJ, USA) and the 2-rod LNG subdermal contraceptive implants (Jadelle ® , Bayer Healthcare, Berlin, Germany) with a 1:1 allocation ratio, and a non-randomized control group of women using the TCu380A IUD (Pregna ® , Pregna International, Mumbai, India) (Bahamondes et al., 2015) .
The trial was registered as ISRCTN33378571. The study took place in family planning clinics (centres) in: Campinas, Brazil; Santiago, Chile; Santo Domingo, Dominican Republic; Szeged, Hungary; Bangkok, Thailand; Ankara,Turkey; Harare, Zimbabwe. The inclusion criteria were: non-pregnant clinically healthy women seeking long-acting reversible contraceptive methods; aged >18 and <45 years; with regular menstrual cycles; ≥6 weeks post-partum; able to keep a menstrual diary; willing to return to the clinic for follow-up visits. Exclusion criteria for implant and IUD acceptors were those published by WHO in Medical Eligibility Criteria for Contraceptive Use 2nd Edition (2000) . The methods of the study been reported in detail elsewhere (Bahamondes et al., 2015) .
Potential participants were informed about the study, including the randomization of implants; that the implants and IUDs and the insertions and removals would be without cost for the women; and that if randomized to ENG-implant there would a free choice of a replacement implant at no cost after removal of the original ENG-implant at 3 years. Eligible women willing to participate signed a written informed consent form before entering the study. Follow-up visits were scheduled for 2 weeks and 3 months after insertion and every 6 months thereafter.
Based on review of data on PK and efficacy of the ENG-implant beyond 3 years Kiriwat et al., 1998) , about midway through the study it was decided to extend the follow-up from 3 to 5 years, including use of the ENG-implant to 5 years. The study extension was approved by the WHO Ethics committee and at each centre by local or national Ethics Committees, or both. All centres except the centre in Hungary, agreed to take part in the extended follow-up.
At the 36-month visit or earlier, all study participants were invited to participate in the study extension for an additional 2 years. Women with the ENG-subdermal implant were informed that the use of the implant after 3 years was experimental; written informed consent was obtained from those accepting extended use. Women with the LNG-subdermal implant or IUD also provided informed consent for extended participation. Women not accepting extended use of ENG-implant were offered, free of charge, a second implant or other contraceptive method of their own choice. All participants in the extended follow-up continued with follow-up visits every 6 months.
At each follow-up visit women were asked about vaginal bleeding patterns, lower abdominal pain, and general questions about their health condition. Also, they were specifically asked if they had any complaints of headache, dizziness and acne. Any suspicion of pregnancy led to urine pregnancy testing.
Reasons for removal of the implant/IUD were categorized as either medical (pregnancy, expulsion, bleeding problems and other medical reasons) or personal (wish for pregnancy, moving to out of reach location and other personal reasons).
The main outcome of the extended study was to obtain the 4-and 5-year annual and cumulative rates of effectiveness, continuation rate and side effects for both contraceptive implant systems. We also measured duration of subdermal implant removal, defined as the time between incision with the scalpel and bandage/compress placement after the procedure. . The survival plots were generated using R software, Version 2.14.2 (R Core Team, 2012). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
Data management and statistical analysis
In the previous report, we estimated 3-year cumulative contraceptive efficacy rates using all participants' data because everyone initially consented to a 3-year follow-up period. In this new analysis for 5-year contraceptive efficacy, we used data from the subset that, first, consented to extended observation in years 4 and 5 or second, experienced product failure (pregnancy with the product in situ) in the first 3 years. To construct fair-comparison cohorts and to minimize potential bias, we specifically excluded data from participants who were censored with the products in situ or who had the products removed prior to 3 years for reasons other than method failure; this decision slightly over-estimates the method failure rates since the accumulated person-months of observation for excluded data are not represented in the denominator of the calculations. This is the most conservative approach (worst case scenario) for estimating cumulative pregnancy rates, given the unusual circumstances involving the reconsent process for extended duration.
Comparisons between groups were made using the Pearson χ 2 test (two-sided) for categorical outcome variables. Risk ratios (RR) with 95% confidence interval (CI) were computed for binary repeated outcomes using the generalized estimating equation (GEE) log-binomial model. The Kaplan-Meier (K-M) method was used to estimate the overall method continuation rates, and the cumulative risk of discontinuation, by reason. Time from insertion was computed in months. Depending on the outcome variable, the data are presented as mean ± SD, survival rates, cumulative hazard rate (HR), RR with 95% CI. Significance was established at P < 0.05.
Results
LNG-and ENG-users were similar on all socio-demographic characteristics. IUD users were older and had more children than subdermal implant users (Table I) . Obesity (defined as a BMI; kg/m 2 ≥ 30) was similar in the two subdermal implant groups (about 6.5%). A total of 1538 women had the device in situ by 36.5 month postinsertion of which 1328 were eligible and consented for extended follow-up: 390 ENG-users, 522 LNG-users, and 416 IUD-users (Fig. 1) . The K-M loss to follow-up rate (95% CI), at 24 months, among those who started the post 3-year follow-up was 1.9 (0.2, 4.1), 0.8 (0.3, 2.2) and 1.1 (0.4, 2.9) for ENG-, LNG-and IUD-users respectively. Only 1-2% of participants were lost to follow-up in the extended 2-year period. A total of 204 ENG-subdermal implant users reached the 5-year mark with the product in situ.
In the extended period while the products were in situ, no subdermal implant users became pregnant among 7060 and 10 883 woman months of observation for the ENG and LNG subdermal implant group, respectively (Table II) . After 5 years, the cumulative pregnancy rates among ENG-and LNG-users were statistically equivalent: [0.6 (95% CI = 0.2-1.8)] and [0.8 (95% CI = 0.2-2.3)], respectively.
Because the approved duration of ENG-implant is 2 years shorter than the LNG-implant, higher proportions of women on the ENGimplant sought device removal compared to LNG-users in the extended period (Table II) . From the time of insertion, ENG-users accumulated over 22 000 months of use. Personal reasons were the most frequent reason for discontinuation in both groups of implant users in the fourth and fifth years of use (Table III) .
In the extended period, ENG-and LNG-users had similar rates of side effects (Table IV) . The only significant difference was the report of subjectively heavy menstrual bleeding (HMB): ENG-users had significantly higher rates (95% CI = 1.01, 1.73) yet the absolute level was still low (only 12%).
Implant removal information for the full 5 years of the study was available for 332 and 444 ENG-and LNG-users, respectively (Table V) . The median time required for the removal procedure was 1 min for the ENG-and 2 min for the LNG-implant. For about 2 and 9% of ENG-and LNG-implants, respectively, removals were deemed slightly difficult or difficult.
Discussion
This study examined contraceptive efficacy of the ENG-subdermal implant beyond its approved duration of 3 years and up to 5 years. Of the 390 participants who wanted to continue use of the product, none became pregnant in the fourth and fifth years under observation. Although attrition reduced the amount of efficacy data, over 200 women used the product for at least 5 years.
Others are also examining extended use of the ENG-implant. In the US-based contraceptive CHOICE study, investigators have data on 123 women completing 4 years of use and 34 users completing 5 years of use; zero pregnancies have occurred after 229 W-Y of extended use (McNicholas et al., 2015) . Median levels of ENG in serum were 188 and 177 pg/ml at 3 and 3 years, respectively. The investigators are expecting to enroll a total of 550 ENG-implant users and currently have 287 (personal communication, Dr. Colleen McNicholas, November 12, 2015) . A study of 47 Thai women (Kiriwat et al., 1998 and a study of 151 Chinese women (Zheng et al., 1999) completing 4 years of use did not record any ENG-implant failures. Both the trials in Thailand and China were open, non-comparative and had a smaller sample of participants who completed the trial, however they demonstrated excellent contraceptive efficacy for 4 years of use and ENG was well tolerated.
Progestogen-only injectables, including depot medroxyprogesterone acetate (DMPA; 150 mg administered IM every 3 months), are used worldwide. In 2008, a global expert working group at the WHO reviewed the evidence, and noted that injection of DMPA can be given up to 4 weeks late without requiring additional contraceptive protection (WHO, 2000) . With backing from the WHO, many ministries of health worldwide are saving resources by accepting a 4-month injection window.
Changing the product label to reflect a lengthier duration of use is a worthy goal. However, it is unclear whether the licensed owner of the ENG product supports this type of effort. A regulatory body such as the US Food and Drug Administration requires data on at least 200 subjects using a product for the intended duration; thus on this factor alone, our multi-centre trial satisfies that requirement. In sub-Saharan Africa alone, approximately 3 million women will receive the ENG-implant in 2016 (Reproductive Health Supplies Coalition, 2015) . Conservatively, if 30-40% of ENG-implant initiators have the product removed at the 3-year point only because of the labelled duration (Weisberg et al., 2014; Bahamondes et al., 2015) , then approximately 900 000 to 1 200 000 users in sub-Saharan Africa may seek removal in 2019 for the labelling limitation. Extending use of the ENG-implant will save resources, including the time of health personnel, and for the users save additional cost and will require fewer removal and insertion procedures.
In the fourth and fifth year of use, side effects from the two implants were similar; the only exception was HMB which was significantly more common with the ENG-subdermal implant compared to the LNG-subdermal implant, which was equivalent in first 3 years (Bahamondes et al., 2015) .
As stated in our previous publication (Bahamondes et al., 2015) , the strengths of our study were that, to the best of our knowledge, it is the first head-to-head study comparing the one-rod ENG and the two-rod LNG subdermal implants up to 5 years, conducted across regions of the world with diverse ethnicities and cultural backgrounds and included a comparison group of IUD users. However, one limitation was that although there was no weight limit for enrolment in the study, few obese women (BMI > 30 kg/m 2 : n = LNG: 34, ENG: 25)
were assessed during years 4-5 of ENG-subdermal implant use. Pregnancy ( 1 (13.7, 21.3) 14.2 (11.4, 17.6) 25.8 (21.7, 30.5) Planning pregnancy 3.8 (2.4, 5.8) 5.6 (3.7, 8.4) 5.7 (4.0, 8.2) 8.4 (5.9, 11.9) Other personal reason 3.4 (2.1, 5.3) 8. 6 (6.1, 11.9) 6.1 (4.3, 8.6) 12.3 (9.2, 16.2) No longer willing to continue 0.8 (0.3, 2.2) 2.5 (1.3, 4.7) 2.3 (1.3, 4.1) 5. 4 (3.4, 8.5) Data analysed using Pearson χ 2 test.
In conclusion, this study showed that the ENG-and LNGsubdermal implants have the same contraceptive effectiveness beyond 3 years up to 5 years with no major differences in occurrence of side effects.
Extended duration of the ENG-subdermal implant would have many policy and programmatic benefits. First, it is safer for users; less frequent removal and fewer insertion cycles reduce trauma to the skin and reduce the chances of surgical errors. Furthermore it also saves time and resources for the health system and opens new hours of consultation at services habitually full of women seeking attention. Second, extended use saves resources. For example, if international donor agencies pay US$ 9 per unit, if the product has two additional years, then the cost per couple-year of protection drops from US$ 3 to US$ 1.80. Third, voluntary continued use of a long-acting contraceptive method reduces the chances of unintended pregnancy when users transition to other products.
To the best of our knowledge this is the first study to report on ENG-subdermal implant use up to 5 years. Without securing a change in the product label, the logical next step is that WHO evaluate the available evidence on ENG-subdermal implant safety and efficacy as for DMPA, and make similar recommendations for extended use. 
